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OBESITY AND COLORECTAL CANCER
The increased body fat (overweight and obesity) has been implicated as a cause of morbidity and mortality for several non-communicable diseases including cardiovascular diseases, diabetes, hypertension, kidney failure, degenerative osteo-arthritis and cancer 1 . Epidemiological evidences strongly support that weight gain in adult life with or without physical activity is associated with increased incidence of cancers in men and women 2 . Studies have revealed that obesity is a major risk factor for several cancers such as colon, breast (post-menopausal), endometrium, kidney and oesophagus 3 . Some studies have also reported links between obesity and cancers of the gallbladder, ovaries and pancreas 4 . A prospective cohort study on cancer prevention in the USA estimated that overweight and obesity accounted for 14 % of all cancer deaths in men and 20 % of those in women. Significant positive associations have been found between obesity and higher death rates for cancers such as oesophagus, colon and rectum, liver, gallbladder, pancreas, kidney, stomach, prostate, breast, uterus, cervix, and ovary 5 . Universally accepted, suggested ideal body mass index (BMI) is 20-24.9 kg/m 2 for both sexes. A BMI between 25 and 29.9 kg/m 2 is considered overweight; and that of 30 kg/m 2 and above defines obesity. This applies to adults, aged 18 years and above. In view of Asian Indians being at a higher risk of developing atherosclerosis and related complications, the cut off limit for over weight has been suggested at a BMI of 23.0 kg/m 2 , with those above a BMI of 25 kg/m 2 being cosndiered as obese 6 .
Some researchers have argued that overall body mass is less important in determining colon cancer risk than the distribution of body fat. In men, a high BMI tends to be associated with fat that is distributed abdominally, whereas in women fat is more likely to be distributed in the hips, thighs and buttocks. Thus, waist-to-hip ratios, a measure of abdominal adiposity, may be a better predictor as well as indicator of colon cancer risk. This review will focus on association between colorectal cancer and obesity, and also attempt to summarize the results of some major trials carried-out for prevention of colorectal cancer.
The contribution of diet and nutrition status to cancer risk has been a major focus of research as well as public health policy. An increased amount of fat or adipose tissue in an overweight or obese person probably influences the development of cancer by releasing several hormonelike factors or adipokines. Chemoprevention intervention studies have been carried-out to evaluate the effect of various strategies such as dietary modifications, vitamins and antioxidants, folate, fiber, calcium supplementation, aspirin therapy, etc. on the adenoma recurrence, adenoma growth or on incidence of colorectal cancers 7 . There are convincing evidences to show that colon cancer arises from adenomas, which are considered to be potential pre-cancerous lesions, with specific factors involved in the development of adenomas and further progression to invasive cancer 1 . A number of studies have focused not only on the primary prevention of, but also on the secondary prevention of adenoma recurrence and growth. The early detection and removal of these lesions are presumed to reduce the incidence and mortality of colorectal cancer 4 .
Cancer of colon and rectum is the fourth most common incident cancer and the cause of death from cancer, throughout the world. An estimated 1,023,152 colorectal cancer cases occurred in 2002 8 , accounting to 9.42 per cent of all new cases of cancer. Incidence and deaths from this cancer are generally increasing, most of all in the developed world and urban areas of the developing world. In India, although the incidence rate of colorectal cancer is very low, and rectal cancer remains more common, a significant increase in its incidence has been reported for both men and women over the last two decades. The age adjusted annual incidence rates (AAR) of colorectal cancers per 100,000 persons during the year 2004-05/ 2005-06 in the various population based cancer registries operating under Indian Council of Medical Research was found to range from 1.5 to 6.9 and 2.5 to 7.4 amongst males and females in urban areas respectively. Similarly, in the rural areas the rates were 1.6 and 2.4 and 1.1 to 1.3 amongst males and females respectively [9] [10] (Table) . The trend analysis for seven Population Based Cancer Registries (PBCRs) of the country during 1968-72 to 1998-2002 was estimated as an annual percentage change (APC) using relative difference between recent and the earliest AARs. Out of the seven PBCRs an increasing trend AAR in the colorectal cancer was observed in three registries ranging from 0.63% to 1.8% and 0.11% to 0.69 % in various registries amongst males and females respectively. An estimated 35635 new cases of colorectal cancer occurred in 2006 11 , accounting to 3.9 per cent of all new cases of cancer.
The prevalence of obesity in India is 2-15 per cent in urban, and 0-6 per cent in rural population by using current definition of obesity 12 (BMI > 30 kg/m 2 ). In India women suffer from a dual burden of malnutrition with nearly half of them being either too thin or overweight. National Family Health Survey-3 (NFHS-3) study undertaken at the National level during the year 2006, revealed that the percentage of ever-married women in the age group of 15-49 years who are overweight or obese increased from 11 per cent in NFHS-2 to 15 in the NFHS-3 study. Overweight and obesity were found to be more than 3 times higher in urban than in rural areas 13 .
Epidemiological evidences strongly support a relationship between dietary constituents and risk of colorectal cancers. It is commonly agreed that the risk of colorectal cancer can be modified by food and dietary habits. High red meat and animal fat consumption have been associated with an increased risk of colorectal cancer [14] [15] . Obesity, greater adult height, frequent eating, and diets high in sugar, total and saturated fat, eggs, high alcohol intake, and processed meat, all possibly increase the risk 1 . Contrary to this, diet rich in fruits and vegetables, dietary fiber, and certain micronutrients appear to be protective against colorectal cancer. A joint report by the World Cancer Research Fund and American Institute for Cancer Research found convincing evidence that a high fruit and vegetables diet would reduce cancer of colon and rectum 1 . Fruits and vegetables possibly offer protection against colorectal cancer through anticarcinogenic components such as antioxidants, folic acid, flavonoids, organosulfides, isothiocyanates, and protease inhibitors as well as fermentable fibre. Donaldson in his publication "Nutrition and cancer: A review of the evidence for an anti-cancer diet" reported that of the 26 reports of human studies investigating the link between diet and colon or colorectal cancer, 21 reported a significant positive relationship between red meat and colon or colorectal cancer 16 . Contrary to this, however, many reports from prospective population based studies on diet and cancer did not find protective effect in fruits and vegetables against colorectal cancer.
A case-control study was carried-out at the National Naval Medical Centre, USA to investigate the possible associations between dietary factors and colorectal adenomas diagnosed by sigmoidoscopy or colonoscopy 17 . Dietary variables were assessed by a 100 item food frequency questionnaire containing detailed information on fat and its subtypes, fiber and its subtypes, fruits and vegetables and their subtypes. Fat intake was adjusted for red meat intake. The findings of the study revealed an increased risk of 7% (odds ratio: 1.07, 95%CI: 0.94-1.22) per 5% energy/day from total fat. Every additional 5%unit of oleic acid intake/day significantly increased the adenoma risk by 115% (OR: 2.15; 95%CI: 1.05-4.39). Red meat fat increased the risk by 20% (OR: 1.20; 95%CI: 0.71-2.04), and white meat fat decreased the risk by 67% (OR:3.3; 95%CI: 0.19-0.95) for every additional 5% unit of respective intake per day. Risk decreased by 41% (OR: 0.59, 95% CI: 0.41-0.86) for every additional 5% unit of fiber intake/ day. Vegetable (OR per 100 g of vegetable intake/day: 0.83; 95%CI: 0.67-1.04) and fruit (OR per 100 g of fruit intake/day: 0.92; 95%CI: 0.82-1.03) intake showed an inverse association. The study showed a strong positive association between oleic acid intake and colorectal adenoma risk. Increased intake of dietary fiber was associated with a moderately decreased risk of adenomas.
Another study attempted to establish association between consumption of total fat, major dietary fatty acids, cholesterol, consumption of meat and eggs, and the incidence of colorectal cancer in a cohort of Finnish population 18 . The study revealed that high colesterol intake was associated with increased risk for colorectal cancers (OR: 3.26, 95%CI: 1.54-6.88) between the highest and lowest quartiles of dietary cholesterol. Non-significant associations were found between consumption of meat and eggs and colorectal cancer risk.
Women's Health Initiative Randomized Controlled Dietary Modification Trial carried out on 48,835 postmenopausal women aged 50 to 79 years to evaluate the effects of a low fat eating pattern on risk of colorectal cancer revealed that low fat dietary pattern intervention did not reduce the risk of colorectal cancer in postmenopausal women during a follow-up of 8 years 19 . Similarly, the Polyp Prevention Trial (PPT) on Dietary Intervention carried out to evaluate the effect of a highfiber, high fruit and vegetables and low fat diet on recurrence of adenomatous polyps did not reveal any protective effect 20 . The PPT study failed to show any effect of a low fat, high fibre, high fruit and vegetables eating pattern on adenoma recurrence even with 8 years of follow-up, where as the high intake of fish was found to be associated with lower risk of adenoma recurrence 21 . The Health Professionals Follow-up study (data from 47 328 males' health professionals) is a prospectively investigated study to evaluate the association of fruit and vegetable consumption with the incidence of colon and rectal cancers in large cohort. The incidence of newly diagnosed cancer of the colon and rectum was confirmed by review of medical records and pathology reports while the diet was assessed using a detailed food frequency questionnaire (FFQ). This longitudinal study, with repeated diet assessment over time did not show any association between fruit and vegetable consumption and incidence of colon or rectal cancer 22 . However, it had also been indicated that assessment of diet might have been affected by measurement error and has to be kept in mind while interpreting the results.
Many studies have found a significant reduction in colon and rectal cancers with higher intakes of folic acid and their related nutrients (vitamin B-6, and B-12) 16 . Folate, a micro-nutrient highly abundant in fruits and vegetables, has gained a great deal of attention in the prevention of colorectal cancer. In the Nurses Health Study, supplementation of folic acid, was found protective against colon cancer and became statistically significant after 15 years of use, suggesting that folate may act early in the carcinogenic process 23 . Calcium is hypothesized to prevent carcinogenesis in the colon by either binding bile acids and or fatty acids in the lumen or by having a direct inhibitory effect of the proliferation of the epithelial cells in the colon. The randomized controlled trial which assessed the efficacy of calcium supplementation on the risk of new colon adenoma formation amongst individuals with history of adenomas has revealed reduced incidence of adenomas apparent after just 1 year of supplementation 24 .
A population based case-control study was conducted with 1993 incident colon cancer cases and 2410 controls to evaluate the association between colon cancer and dietary fat as well as specific dietary fatty acids 25 . The study revealed that neither total dietary fat nor specific fatty acids were associated with the risk of colon cancer. However, among older women, fats from food preparation were associated with risk of colon cancer. Women who consumed a diet high in mono-unsaturated fatty acids (MFAs) and poly-unsaturated fatty acids (PFAs) and who had a family history of colorectal cancer were at a greater risk of colon cancer than those with similar intakes but without a family history of colorectal cancer. Similar associations of colorectal cancer with family history were noted among men diagnosed at younger ages for MFA, linolenic acid and 20-carbon PFA.
Nonsteroidal anti-inflammatory drugs (NSAIDs) have been widely studied for a number of mechanisms through which these agents might prevent colon cancer. But the Women's Health Initiative randomized controlled trial, did not find any protective effect of low dose aspirin on the incidence of colorectal cancer 26 . However, the recent clinical guidelines prepared for US preventive services concludes that aspirin appears to be effective at reducing the incidence of colonic adenoma and colorectal cancer, especially if used in high doses for more than 10 years. Further, it has been stated that the possible harms of such practice require careful consideration. The analysis of data showed that regular use of aspirin reduced the incidence of colonic adenomas in randomized controlled trials (RR:0.82, 95%CI:0.7-.0.95) and case-control studies (RR:0.87, 95%CI:0.77-.0.98). In cohort studies, regular use of aspirin was associated with RR reductions of 22% for incidence of colorectal cancer 27 .
Conclusions
Diet has the greatest impact on the development of human cancers. Within the broad category 'diet', the consumption of fruits and vegetables apparently plays a dominant role. However, the studies on Seventh Day Adventist suggest that early start of such dietary habit may be more important Considerable efforts have been made to prove the preventive effect of different kinds of fruits and vegetables but randomized chemoprevention trials have failed to prove this presumed effectiveness of any single ingredient. Until the results of definitive studies of chemopreventive agents are available, the most effective ways of preventing colorectal cancer are consumption of diets high in vegetables and regular physical activity and low consumption of red and processed meat. Possible means of preventing this cancer are maintenance of body weight within recommended level throughout life, and consumption of diets high in non-starch polysaccharides, starch and carotenoids and low in sugar, fat and eggs. Overweight and obesity will keep increasing in the country due to increasing affluence of people. Preventing obesity and related chronic diseases should be a priority in various National Health Programmes. Fat intake, especially saturated fat, is increasing in the middle and upper income group population in India. Dietary modification programme for weight control has met with variable success in developed countries. Implementing such a programme in a country like India is a big challenge. Considerable effort has to be made to increase the public awareness and interests on health issues associated with obesity, its causes and management.
